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PREFACE 


One  of  the  most  popular  forecasting  tools  employed  in  the  preparation  of  one-hour  ceiling  and 
visibility  forecasts  is  "persistence  forecasting."  The  popularity  of  this  tool  stems  from  the  fact 
that  it  is  a  purely  mechanical  method,  and  requires  a  minimum  amount  of  meteorological  skill  and 
time  in  its  application.  Impetus  for  employing  this  tool  is  frequently  supplied  by  results  from 
various  verxiication  studies  .■ihere  general  conclusions  are  made  that  the  highest  verification  scores 
are  always  obtained  with  persistence  forecasts.  Usually,  these  conclusions  refer  only  to  the  over¬ 
all  percent  correct  scores  for  all  ceilings  (or  visibilities)  combined,  which  are  indeed  high  due 
to  the  inclusion  of  the  large  number  of  cases  with  high  ceilings  and  visibilities  which  arc  very 
persistent.  Few  verification  studies  contain  a  comprehensive  evaluation  of  persistence  forecasts 
for  a  complete  spectrum  of  Initial  celling  and  visibility  conditions,  and  those  that  do  arc  limited 
to  only  a  few  years  data.  In  addition,  difficulties  in  the  interpretation  of  results  from  verifica¬ 
tion  studies  are  created  due  to  the  vague  definition  of  the  term  "persistence  forecast."  The  term 
actually  has  different  meanings  to  different  meteorologists. 

It  is  felt  therefore  that  a  need  exists  for  clarifying  the  term  "persistence  forecast"  and  for 
a  comprehensive  qutntltatlve  evaluation  utilizing  a  large  sample  of  data  over  a  wide  spectrum  of 
initial  ceiling  and  visibility  conditions.  The  purpose  of  this  paper  is  to  contribute  to  this  need. 
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SECTION  I  -  INTRODUCTION  AND  DEFINITION  OF  TERMS 


For  many  years,  much  actencion  has  been  direcccd  coward  developing  uses  of  persistence  In 
applied  meteorology.  In  general,  these  efforts  can  be  classified  into  two  groups.  In  one,  atten¬ 
tion  has  been  directed  coward  uses  of  persistence  as  a  forecast  evaluation  Caol,  and  in  the  second. 
Coward  uses  of  persistence  as  a  forecasting  aid.  As  an  evaluation  Coal,  "persistence  forecasts" 
are  frequently  used  as  a  standard  of  comparison  in  evaluating  newly  developed  forecast  methods  or 
in  measuring  the  skill  of  forecasters.  In  this  application,  Che  persistence  forecast  is  considered 
as  a  professionally  unskilled  forecast  which  should  be  surpassed  if  any  degree  of  skill  is  claimed. 
Most  of  the  published  literature  dealing  with  forecast  evaluation  studies  include  a  discussion  on 
Che  comparison  of  a  particular  technique  against  persistence.  Some  comprehensive  evaluation  studies 
of  this  type  include  Chose  conducted  by  Travelers  Research  Center  ^ll  and  others  |]2  '  ,  . 

Illustrations  of  the  use  of  persistence  forecasts  as  a  yardstick  in  measuring  forecaster  skill  are 
studies  such  as  [a]  ,  and  Che  Air  Weather  Service  Product  Evaluation  Program  .  As  a  forecast¬ 
ing  Cool,  persistence  is  often  incorporated  into  objective  forecast  studies  as  one  of  the  predictors 
r 

as  described  in  |  6  .  In  recent  years  the  most  popular  application  of  persistence  as  a  forecast 

C‘  **i  r*  1 

7  ,  onset-duration  tables  |  8  ;  ,  and  other 

statistical  tables  derived  from  climatological  data.  These  aids  are  designed  to  encourage  Che  most 
intelligent  and  effective  utilization  of  persistence  in  the  daily  forecast  routine. 

Although  a  variety  of  literature  is  available  on  uses  of  persistence  it  should  be  noted  that 
the  term  "persistence  forecast"  apparently  has  different  meanings  to  different  meteorologists.  The 
basic  definition  ^9'  of  this  term  is  "...a  forecast  that  the  future  weather  condition  will  be  the 
same  as  the  present  condition."  Although  this  definition  appears  simple,  it  is  surprising  to  note 
Che  many  different  ways  in  which  it  is  applied  and  the  different  interpretations  made  from  conclu¬ 
sions  in  published  studies,  particularly  those  dealing  with  ceiling  and  visibility.  Some  of  the 
confusion  stems  from  different  choices  of  Che  "initial  weather  condition."  Some  use  individual 
ceiling  and  visibility  values;  some  use  individual  ceiling  and  visibility  categories;  and  others 
use  combined  ceillng/vlslbllity  categories.  Additional  confusion  is  introduced  by  some  for  .'casters 
who  apply  the  ceim  "persistence  forecast"  to  the  continuation  (or  persistence)  of  an  established 
trend  in  ceiling  and  visibility  values  (or  categories).  The  term  "persistence"  is  indeed  an  equiv¬ 
ocal  term. 

In  order  to  simplify  further  discussion  in  this  paper,  certain  definitipns  will  be  introduced 
periodically.  At  this  poin.,  it  would  be  well  to  introduce  the  term,  STATIC  PERSISTENCE,  which  is 
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defined  as  the  repetition  of  an  initial  value  (or  category)  for  a  given  forecast  period,  regardless 
of  any  previous  trends.  In  this  paper,  the  forecast  period  is  one  hour.  TREND  PERSISTENCE  is 
defined  as  the  continuation  of  an  established  trend  in  values  (or  categories)  as  determined  from 
the  Initial  condition  and  previously  recorded  observations. 

1.  Static  Persistence  of  Cf.iling  and  Visibility  Values  vs  Categories.  To  some  meteorologists, 
the  term  "persistence  forecast"  means  simpjy  a  "no  change"  forecast  of  the  Initial  celling  or  visi¬ 
bility  categMjr  to  which  the  initial  value  was  y  assigned.  For  example,  consider  a  par¬ 
ticular  ceiling  category  which  is  defined  as  ies  ceilings  between  500-900  feet. 

Suppose  the  initial  ceiling  value  is  500  feet  nour  forecast  calls  for  a  900'foot  ceil¬ 

ing.  This  is  a  static  persistence  forecast  <-  she  ceiling  category,  but  is  certainly  not  a  static 
persistence  forecast  of  the  ceiling  value.  There  is  a  distinction,  therefore,  between  category- 
persistence  and  value-persistence.  Studies  which  deal  with  category-persistence  will  naturally 
yield  higher  verification  scores  than  those  dealing  with  value -persistence  and  therefore,  tend  to 
overestimate  the  value  of  persistence.  This  tendency  is  further  amplified  by  defining  broader  cat¬ 
egories  and  using  combined  celllng/vlslbllity  categories.  Quite  often,  the  reader  is  not  aware  of 
these  differences  in  definitions  by  different  Investigators  and  may  blindly  accept  certain  conclu¬ 
sions  without  any  qualification.  To  illustrate  a  few  of  these  differences; 

a.  Travelers  Research  Center  [^1^  used  persistence  forecasts  in  categorical  form  using  five 
ceiling  categories  and  five  visibility  categories.  Some  of  the  ceiling  categories  were  rather  broad 
(e.g..  Category  A:  i  1000  feet  butOOOO  feet  and  Category  5  included  the  extremely  broad  category 
of  all  ceillngs>  3000  feet). 


b.  Melpar  Inc.  ^2j  also  shred  out  their  data  separately  by  ceiling  and  visibility,  but 
instead  of  fixed  categories,  used  variable  tolerance  limits  to  define  persistence  forecasts.  For 
a  given  initial  celling  value,  the  ceiling  was  said  to  "persist"  if  the  ceiling  remained  within 
certain  limits  (e.g.,  for  initial  ceiling  values>1000  feet  but£200C  feet,  the  ceiling  was  said  to 
persist  if  it  remained  within  +300  feet  of  the  initial  value;  however,  for  initial  ceiling  values 
>500  feet  but£l000  feet,  a  ceiling  persisted  if  it  remained  within  +200  feet  of  the  initial  value)^ 


c.  In  [aJ  and  ||5j,  the  ceiling  and  visibility  data  are  lumped  together  into  combined  ceil¬ 
ing/visibility  categories.  In  the  AWS  Product  Evaluation  Program  |^5j,  the  initial  ceiling  and  vis¬ 
ibility  values  are  grouped  into  five  initial  celling  and/or  visibility  categories  (e.g.,  category 
VL  includes  ceilings  ^1000  feet  but<3000  feet  and/or  visibility22  miles  but<3  miles).  Using 
this  scheme,  a  "persistence  forecast"  is  defined  as  a  forecast  that  the  future  ceiling/vlslbility 
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category  will  be  the  same  as  the  initial  ceiling/vis;.bility  category.  In  a  similar  scheme  is 
employed  using  t^bined  ceiling/visibility  categories  but  the  limits  are  much  broader  than  those  in 
[^sj.  For  example,  category  III  in  includes  ceilitgs  >  1500  feet  but  <5000  feet  and  all  visibil- 
Itie.;  >  3  miles. 

2.  Static  Persistence  of  Ceiling  vs  Cloud  Heixht.  In  studies  dealing  with  cloud  forecasts, 
the  distinction  is  made  by  the  author  (but  may  be  missed  by  the  reader)  that  verification  figures 

on  "p<'<^sistence"  refer  to  cloud  forecasts  which  include  heights  of  scattered  clouds  as  well  as  ceil¬ 
ing  heights.  In  such  studies  results  concerning  the  value  of  persistence  forecasts  cannot  be 

compared  directly  with  results  frtxn  studies  dealing  only  with  ceilings.  The  authors  of  this  paper 
feel  that  there  ^  a  difference  in  the  cloud  height  variability  between  scattered  clouds  and  ceil¬ 
ings.  Results  from  a  separate  investigation  indicate  that  the  i  nc~hour  cloud  height  variability  of 
scattered  clouds  is  less  than  the  variability  of  ceilings  at  the  same  height,  and  therefore,  the 
inclusion  of  scattered  clouds  in  the  data  groupings  would  produce  higher  verification  scores  for 
this  type  of  persistence  forecast. 

3.  Trend  Persistence.  Verification  scores  from  trend  persistence  forecasts  represent  the  per¬ 
cent  accuracy  attained  by  assuming  "no-change"  in  an  established  trend  in  values  (or  categories)  as 
determined  by  compiring  the  initial  observation  with  a  series  of  previously  recorded  observations. 

It  is  recognized  that  trend  pcrslscencn  is  referred  to  by  other  .lamcs  in  the  literature,  such  as 
"extrapolation"  in  [lo]  or  simply  "trend"  in  [^3j.  The  fact  remains,  however,  that  many  forecasters 
who  do  use  this  forecast  tool  refer  to  the  technique  as  "persistcrce."  It  certainly  differs  from 
static  persistence,  but  it  is  another  type  of  a  no-change  forecast.  For  example,  if  the  celling 
has  been  lifting  at  a  certain  rate  for  a  period  of  time,  say  for  the  past  two  hours,  many  forecast¬ 
ers  will  predict  a  higher  celling  during  the  next  hour  and  the  reason  often  givei.  is  that  they  are 
using  "persistence."  Irend  persistence  has  been  used  both  as  a?,  evaluation  tool  and  forecast  aid. 

In  1^3^  it  is  described  as  an  evaluation  tool,  where  it  is  cempared  with  static  persistence  and  other 
techniques.  In  [j^  and  [ll]  ,  it  is  applied  as  a  forecast  aid.  The  results  from  jioj  and  [jlj  i 
however,  are  based  on  extremely  limited  samples  of  data. 

It  is  apparent  frsm  the  previous  discussion  that  one  must  accept  conclusions  from  the  variety 
of  published  studies  with  a  certain  degree  of  qualification.  If  a  particular  evaluation  study 
draws  the  general  conclusion  chat  "persistence  is  the  best  forecast,"  the  investigator  viay  have 
been  referring  to  a  comparison  with  static  category-persistence  usltg  exceptionally  brcvid  combined 
ccillng/visibi licy  categories,  and/or  the  comparison  may  have  been  made  only  between  overall 
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percent-correct  scores.  Persistence  eiay  not  have  been  the  best  forecast  for  certain  restrictsc 
ceiling  or  visibility  conditions.  The  following  conclusion,  published  a  few  vests  age  in  a  widely 
disseminated  pablics'tion  is  a  typical  example  of  ^n  unqualified  stateoetit  concerning  persist¬ 

ence  forecasts,  withxit  any  explanation  concerning  Che  specific  type  of  peri.isC>>nce  forecast,  amount 
of  data  used,  or  method  of  evaluation.  On  the  other  hand,  Che  statenent  faa.y  actually  be  only  an 
expression  cf  persona.'  opinion  without  support  of  results  from  arty  investigation.  The  statement  is 
"...it  is  generally  acknowledged  that  forecasts  of  0  Co  2  hours  can  usually  not  be  laadc  which  are 
more  .iccurate  than  persistence.  Ihis  means  if  knowledge  about  elements  in  Ctis  short  time  range  is 
needed  it  is  best  to  use  the  current  ebservation  for  the  forecast,"  Kost  forecasters  art-  aware  of 
this  staceoenc  since  this  publication  is  available  in  every  forecasting  decaclmtenc.  It  has  special 
interest  in  4  Wea  Vg  since  the  preparation  of  1-2  hour  forecasts  is  a  routine  forecast  responstbil- 
iCy.  As  a  result  of  such  unqualified  statenents  in  the  literature,  it  is  not  s'-rprisieg,  tierufore, 
to  find  many  forecasters  who  blicdlj  accept  Che  premise  that  persistence  foreciuting  cannot  be  sur¬ 
passed,  and  tend  to  rely  excessively  upon  persistence  while  ignoring  other  «ieCt-x>r ological  to>ls. 


A  need  exists  for  a  ccraprchcusive  analysis  on  Che  value  of  all  types  of  persistence  forecasts, 
in  which  a  complete  spactruc  of  initial  ceiling  and  visibility  cc-ndicions  are  investigated  using  a 
large  sample  of  data.  An  attvapt  is  mde  in  this  paper  Co  provide  reliable  quat.citacive  estiaiCcs 
on  the  value  of  st-tlc  pcrsis&incc  an^  trend  (lersisCence  of  separate  ceiling  and  visibility  values 
and  categories  using  a  long  period  of  .record. 


SECTION  11  -  DATA 


In  order  t<>  keep  £he  sk-udy  Co  a  leaaigcable  size,  an  attempt  was  mide  to  cbcain  Che  meet  repre¬ 
sentative  data  for  the  study,  n  series  c-f  statiens  was  chosen  across  the  country  which  not  only 
had  a  loni;  period  >f  record  of  surfste  observations  on  magnetic  Cape,  but  were  also  representative 
of  Che  weather  regimes  of  clieir  parcttular  locations.  A  total  of  seven  stations  were  chosen. 

These  are  listed  in  Table  i.  Ssrface  weethor  observations  cn  magnetic  cape  were  obtained  frea  the 
LnvironradnC.tl  Technical  Applications  C-vicer  (ET.\C)  for  each  stegion.  This  data  consisted  of  card 
images  -.f  luurly  surface  cbscrvztlvus.  The  coc.il  number  of  observations  for  a  gli'en  station  varied 
free  lOO.OCO  to  175, OOC,  depending  cn  lie  potiod  of  record.  It  must  be  eaphas'zed  chat  only  hourly 
obscrvacicns  were  considered  in  the  study.  Ko  special  or  loca.  surface  observations  were  available 
on  magnetic  tape. 

Values  of  ceiling  and  visibility  were  reported  in  accordance  with  the  Kanu«l  of  Surfact. 
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Cjservatlons  (WBAN),  Circular  N.  Minor  changes  In  reportable  values  of  visibility  were  made  through 
the  years,  but  these  arc  Inconsequential  to  the  study.  Celling  values  have  always  followed  a  stand¬ 
ard  reporting  format. 


TABLE  1:  List  of  stations  and  period  of  record  used  In  study. 


Location 

Identifier 

Station  Name 

Period  of  Record 

COS 

Colorado  Springs,  Colorado 

July  19A8-December  1964 

OAF 

Oxnard  AFB,  California 

April  1944-June  1965 

FMH 

Otis  AFB,  Macsachusetts 

October  1942 -June  1965 

PAM 

Tyndall  AFB,  Florida 

August  1945-July  1.'65 

DLH 

Duluth  LAP,  Minnesota 

January  1948-December  1963 

SRF 

Hamilton  AFB,  California 

July  1945-June  1965 

GVW 

Richards -Gebaur  AFB,  Missouri 

April  1954-June  1965 

SECTION  III  -  METHOD  OF  DEVELOPMENT 


A.  Celling  and  Visibility  Values. 

1.  To  evaluate  static  persistence,  each  Initial  hourly  observation  was  compared  to  the  obser¬ 
vation  one  hour  later. 

2.  To  evaluate  trend  persistence,  each  Initial  hourly  observation  was  compared  to  the  two 
hourly  observations  Immediately  preceding  and  the  observation  one  hour  later. 

a.  One'hour  celling  value  trends  were  computed  by  subtracting  the  celling  height  of  the 
previous  hour  from  the  Initial  celling  height.  In  this  way,  a  one-hour  celling  trend  was  estab¬ 
lished.  This  Is  referred  to  as  one-hour  trend  of  celling  values.  The  direction  of  the  trend  was 
verified  by  comparing  the  Initial  celling  value  with  the  celling  value  one  hour  later.  The  one- 
hour  trend  of  visibility  values  was  calculated  In  the  sai’.a  manner. 

b.  Two-hour  celling  trends  were  computed  by  further  subtracting  the  two-hour  previous 
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celling  height  from  the  one-hour  previous  celling  height.  Together  with  the  one-hour  trend,  this  Is 
referred  to  as  two-hour  trend  of  celling  values.  This  was  again  compared  to  the  celling  observation 
dne  hour  after  Initial  time.  The  two-hour  trend  of  vis-*’  lllty  values  was  calculated  In  the  same 


manner. 

Celling  and  Visibility  Categories. 

Prior  to  analysis,  all  celling  values  were  classed  Into  eight  celling  categories  (A-H)  and  all 
visibility  values  were  classed  Into  eight  visibility  categories  (J-Q). 

1.  To  evaluate  static  persistence  of  celling  categories  and  visibility  categories,  the  Initial 
category  was  compared  to  the  category  one  hour  later. 

2.  The  one-hour  and  two-hour  trend  of  celling  categories  and  visibility  categories  was  com¬ 
puted  using  the  technique  described  earlier. 

Processing  of  celling  and  visibility  data  was  accomplished  through  computer  techniques.  Data 
were  sequence  checked  to  Insure  that  the  hourly  trends  were  valid.  The  trend  computation  was 
omitted  when  either  one  or  two  hours  of  data  wa-.  missing  prior  to  the  Initial  observation,  or 
missing  one  hour  following  the  Initial  observation.  For  this  reason,  minor  differences  occur 
between  the  total  number  of  celling  observations  and  the  total  number  of  visibility  observations 
for  the  same  station.  However,  the  percentage  values  are  correctly  calculated,  based  upon  the 
actual  number  of  observations  considered. 


SECTION  IV  -  RESULTS 

A.  General. 

With  any  statistical  study,  the  question  arises  concerning  the  size  of  the  data  base.  Tables 
2  and  3  list  the  frequency  of  Initial  hourly  celling  heights  and  the  number  of  Initial  hourly  visi¬ 
bility  values  respectively  for  each  station  used  In  the  study.  From  these  values  the  computations 
of  static  persistence,  one-hour  trend  persistence  and  two-hour  trend  persistence  were  made.  These 
two  tables  are  also  an  Indication  of  the  celllng/vlslblllty  climatology  of  the  station.  Given  the 
total  number  of  observations  during  the  indicated  period  of  record,  the  percentage  frequency  of 
occurrence  of  specified  hourly  observations  Is  tabulated. 

Depiction  of  results  in  a  statistical  study  Is  a  major  problem.  With  large  amounts  of  data, 
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some  method  of  display  must  be  chosen  to  best  illustrate  the  main  points  of  the  study.  In  this  study, 
a  total  of  six  types  of  persistence  ace  considered,  namely:  static  persistence,  one-hour  ana  two- 
hour  tund  persistence  of  ceiling  values  and  visibility  values,  and  static  persistence,  one-hour  and 
two-hour  trend  persistence  of  ceiling  categories  and  visibility  categories.  This  results  in  12  sets 
of  computation  for  each  of  the  seven  stations  considered.  It  was  decided  to  portray  the  results 
both  graphically  and  on  special  tables  to  best  answer  the  question,  "Given  an  initial  celling  or 
visibility  condition,  or  an  established  one-hour  or  two-hour  trend,  what  percentage  of  the  time 
will  this  condition  (or  trend)  persist  for  the  next  hour?" 

However,  a  discussion  of  84  individual  graphs  and  28  tables  is  prohibitive,  so  it  was  decided 
to  construct  composite  graphs  and  tables  of  each  type  of  persistence.  This  resulted  in  12  mean 
graphs  (six  covering  celling  and  six  covering  visibility)  and  four  mean  tables  (two  covering  cell¬ 
ing  and  two  covering  visibility).  All  of  these  were  computed  from  over  one  million  hourly  observa¬ 
tions.  The  discussion  will  center  on  these  mean  charts  with  comments  directed  to  individual  stations 
only  when  there  are  significant  deviations.  The  graphs  and  tables  for  each  individual  station  are 
found  in  the  Appendices. 

B.  Description  of  Tables  4  Through  7. 

1.  Table  4  shows  for  all  stations  combined,  the  percentage  frequency  of  one-hour  changes  in 
ceiling  values  from  an  initial  celling  value.  Given  an  initial  ceiling  value  and  the  previous 
hourly  trends  (viz.,  no  trend,  U-up,  S-same,  D-down),  this  table  shows  the  percentage  of  time  that 
the  celling  value  one  hour  later  was  a^  least  100  feet  higher,  the  same  value,  or  at  least  100  feet 
lower  than  the  initial  value.  To  facilitate  the  portrayal  of  data,  the  initial  celling  values  have 
been  grouped  by  certain  ranges.  For  example,  the  column  labeled  1000-1400  feet  is  used  to  summar¬ 
ize  the  results  from  individual  initial  ceiling  values  of  1000  feet,  1100  feet,  1200  feet,  1300 
feet  or  1400  feet. 

a.  NO  TREND.  This  section  of  the  table  shows  for  each  initial  ceiling  value,  the  percent¬ 
age  of  time  that  the  celling  value  one  hour  later  was  higher  (U),  the  same  (S)  and  lower  (D), 
regardless  of  the  previous  celling  trend.  The  row  labeled  "S"  therefore  represents  the  STATIC  PER¬ 
SISTENCE  of  celling  values.  The  number  of  cases  processed  are  shown  in  the  last  row  of  the  section. 
For  example,  consider  the  column  "1500-2900."  There  were  a  total  of  61,281  Initial  hourly  observa¬ 
tions  in  which  the  initial  ceiling  value  was  1500  feet,  1600  feet,  ...  or  2900  feet.  In  437.  of 
these  cases,  the  ceiling  one  hour  later  was  at  least  100  feet  higher,  the  celling  value  one  hour 
later  was  exactly  the  same  in  297.  of  the  cases,  and  during  the  remaining  287.  of  the  time,  the 
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TABIE  5:  Percentage  frequency  of  one-hour  changes  in  visibility  values  from  an  initial  visibility  value.  Given  an  initial  visibility 
value  and  the  previous  hourly  visibility  trends  (U-up,  S-same,  D-down)  this  table  shows  the  percentage  of  time  that  the  visi- 
_ bility  value  one  hour  later  is  higher,  the  same,  or  lower  than  the  initial  value. 


ceiling  value  one  hour  later  was  at  least  100  feet  lower. 

b.  ONE -HOUR  TREND.  Three  sections  of  the  table  show  the  results  of  Including  the  one- 

hour  trend  in  ceiling  values  from  the  previous  hour  (t»i)  to  the  initial  hour  (t,,).  The  "1-HR  Up 
Trend"  section  shows  for  each  initial  celling  value,  the  percentage  of  time  that  the  ceiling  value 
one  hour  after  Initial  time  (t^j^)  was  higher  (U),  the  same  (S),  and  lower  (D)  than  the  initial  value 
during  all  conditions  when  the  ceiling  had  improved  at  least  100  feet  during  the  past  hour  (from  t_j 
to  tg).  The  "1-HR  Steady  Trend"  section  shows  for  each  initial  ceiling  value,  the  percentage  of  the 
time  that  the  ceiling  value  one  hour  later  was  U,  S,  and  D  during  all  conditions  when  the  ceiling 

value  remained  exactly  the  same  during  the  past  hour.  The  "1-HR  Down  Trend"  section  shows  for  each 

initial  ceiling  value,  the  percentage  of  time  that  the  ceiling  value  one  hour  later  was  U,  S,  or  D 
during  all  conditions  when  the  celling  had  lowered  at  least  100  feet  during  the  past  hour.  Since 
all  initial  celling  conditions  arc  preceded  by  a  U,  S,  or  D  trend,  the  sum  of  the  initial  cases 
from  the  three  one-hoor  trend  sections  will  be  equal  to  the  total  number  of  cases  in  the  "NO  TREND" 
section  for  each  initial  ceiling  value. 

c.  TWO-HOUR  TREND.  Three  sections  of  the  cable  show  Che  results  of  including  Che  two- 

hour  trend  in  ceiling  values  as  determined  from  C.2  to  and  from  C^j^  to  C^.  Although  nine 
combinations  of  two-hour  trends  (viz.,  UU,  US,  UD,  SU,  SS,  SD,  DU,  DS  and  DD)  were  computed  in 

this  study,  only  three  of  these  trends  are  included  in  Table  4  in  order  Co  evaluate  trend  persist¬ 

ence.  Those  listed  in  Table  4  are  UU,  SS,  and  DD,  or  situations  where  Che  direction  of  the  trend 
was  Che  same  during  Che  previous  two  hours. 

2.  Table  5  shows  for  all  stations  combined,  the  percentage  frequency  of  one-hour  changes  in 
visibility  values  from  an  initial  visibility  value.  This  table  is  interpreted  in  the  same  manner 
as  Table  4. 

3.  Table  6  shows  for  all  stations  combined,  Che  percentage  frequency  of  one-hour  changes  in 
ceiling  categories  from  an  initial  ceiling  category.  Given  an  initial  ceiling  category  and  the 
previous  hourly  trends,  this  Cable  shows  Che  percentage  of  time  that  the  ceiling  category  one  hour 
later  improved  to  ^  least  one  category  higher  (U),  remained  the  same  (S),  or  lowered  to  at  least 
_-pe  category  lower.  The  interpretation  of  Table  6  is  similar  Co  Table  4  except  that  ceiling  cate¬ 
gories  are  used  instead  of  celling  values.  In  the  "NO  TREND"  section,  the  row  of  percentages  in 
the  row  labeled  "S"  represents  Che  STATIC  PERSISTENCE  of  ceiling  categories.  In  order  to  appreci¬ 
ate  the  differences  between  Table  6  and  Table  4,  consider  Che  follor.^ing  example  from  the  "NO  TREND" 
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TABIJi  6:  Percentage  frequency  of  one-hour  changes  in  celling  categories  from  an  Initial  celling  category.  Given  an  initial  celling 

category  and  the  previous  hourly  trends  in  celling  categories  (U-up,  S-samc,  D-down)  this  table  shows  the  percentage  of  time 
that  the  celling  category  one  hour  later  is  higher,  the  same,  or  lower  than  the  initial  category. 
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sections  of  the  tables.  Suppose  the  initial  ceiling  was  600  feet  and  one  hour  later  the  ceiling 
increased  to  800  feet.  In  Table  6,  this  individual  case  was  included  in  the  "S"  row  (627.  figure) 
or  STATIC  PERSISTENCE  of  ceiling  categories,  since  the  initial  category  was.  category  C  and  remainet* 
category  C.  In  Tabic  A,  however,  this  individual  case  was  included  in  the  "U"  row  (427.  figure) 
sinc*^  the  ceiling  value  was  at  least  100  feet  higher  one  hour  later.  Throughout  Table  6,  the  reader 
must  remember  that  the  frequency  of  one-hour  changes  refer  specifically  to  category  changes. 

4.  Table  7  shows  for  all  stations  combined,  the  percentage  frequency  of  one-hour  'n 

visibility  categories  from  an  Initial  visibility  category.  It  is  interpreted  in  the  same  manner  as 
Table  6. 

I 

C.  Description  of  Figures  1  and  2. 

1.  Figure  1  shows  graphically,  for  all  stations  combined,  a  comparison  of  Static  Persistence, 

Overall  1-Hour  Trend  Persistence,  and  Overall  2-Hour  Trend  Persistence  for  ceiling  values  (Figure 
lA)  and  ceiling  categories  (Figure  IB).  This  figure  summarises  in  graphical  form,  much  of  the  ceil¬ 
ing  information  found  in  Table  4  and  Table  6. 

a.  The  "Static  Persistence"  curves  in  Figures  lA  and  IB  are  simply  a  plot  of  the  percent¬ 
age  values  from  the  "S"  row  of  the  "NO  TREND"  sections  of  Table  4  and  Table  6  respectively.  Both 
curves  provide  a  reliable  quantitative  estimate  of  the  value  of  static  persistence  of  ceiling  values 
and  ceiling  categories  for  different  initial  ceiling  conditions. 

b.  The  "1-Hvur  Trend  Persistence"  curves  were  constructed  using  an  overall  "percent  agree- 
isent"  value  computed  from  the  three  1-Hour  Trend  sections  of  Table  4  and  Table  6.  The  values 
plotted  in  Figure  1  are  not  readily  apparent  in  Table  4  and  Table  6,  therefore,  some  further  'dis¬ 
cussion  is  warranted.  A  specific  value  on  the  curves  represents  the  percentage  of  tioM  that  the 
past  one-hour  trend  (U,  S,  or  D)  continued  for  one  hour  (e.g.,  IMJ,  S-tS  and  IVvD).  An  example  will 
illustrate  the  computation  of  the  plotted  values.  Consider  the  value  of  40X  in  Figure  lA  for  ini- 
t'tal  ceiling  values  between  1500  feet-2900  feet.  From  Table  4,  48X  of  the  1-Eour  Up  Trends  contin¬ 
ued  up;  377.  of  the  1-Hour  Steady  Trends  continued  steady;  and  31Z  of  the  1-Hour  Down  Trends  contin¬ 
ued  down.  Combining  these  three  values  yields  the  VJI,  (overall  agreeamnt)  value  plotted  in  Figure 
lA.  The  values  in  Figure  IB  were  computed  in  the  same  manner. 

c.  The  "2-Hour  Trend  Persistence"  curves  were  computed  from  the  three  2-Hour  Trend  sections  [ 

of  Table  4  and  Table  6.  A  specific  value  on  the  curves  represents  the  percentage  of  tisM  that  the  | 

past  two-hour  trend  (UU,  SS,  or  DD)  continued  for  one  hour  (e.g.,  UU-Ml,  SS>S,  and  DD>D).  | 
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2.  Figure  2  shows  graphically  for  all  stations  combined,  a  comparison  of  Static  Persistence, 
Overall  1-Hour  Trend  Persistence,  and  Overall  2-Hoiir  Trend  Persistence  for  visibility  values  (Figure 
2A)  and  visibility  categories  (Figure  2B).  Figure  2  sunmarires  much  of  the  visibility  inforaiation 
found  in  Table  5  and  Table  7.  The  same  techniques  were  used  in  constructing  Figure  2  as  used  in 
Figure  1. 

D,  Discussion  of  Results. 

An  attempt  to  discuss  in  detail  each  of  the  individual  graphs  and  tables  in  the  Appendices  is 
beyond  the  scope  of  this  paper.  Small  scale  variations  occur  among  individual  stations  due  primar¬ 
ily  to  local  influences.  These  in  themselves  are  interesting  but  only  the  results  common  to  most 
stations  will  be  discussed  in  this  section. 

1.  Ceiling  Persistence  (Figure  1.  Table  4.  and  Table  6). 

a.  Static  persistence  of  ceiling  values  is  below  507.  lietween  200  feet  and  10,000  feet  for 
all  stations.  The  minimum  persistence  probability  appears  to  be  around  lOOO-lAOO  feet.  The  very 
low  percentage  (less  than  207.)  in  the  1000-2900  foot  range  at  both  Colorado  Springs  and  Duluth  was 
an  unexpected  result,  since  the  climatic  regimes  of  the  two  stations  are  so  different.  In  compari¬ 
son,  static  persistence  of  ceiling  categories  is  about  602  between  200  feet  and  10,000  feet.  This 
illustrates  the  higher  verification  scores  obtained  when  ceiling  categories  are  used.  The  scores 
would  be  even  higher  if  the  categories  were  broader. 

b.  The  one-hour  trend  persistence  for  initial  ceiling  values  between  200  feet  and  10,000 
feet  is  much  higher  than  static  persistence,  but  the  two-hour  trend  does  not  offer  much  improveMnt 
over  Che  one-hour  trend.  All  trends  for  initial  ceiling  values  between  200  feet  and  10,000  feet, 
however,  show  less  than  507.  persistence  probability. 

c.  For  ceiling  categories .  one-hour  trend  persistence  is  worse  than  static  persistence  for 
all  initial  ceiling  categories.  The  two-hour  trend  persistence  is  approxioMtely  the  same  as  static 
persistence. 

d.  It  is  worthwhile  to  note  the  similarity  in  all  Che  graphs  of  ceiling  persistence  prob¬ 
ability  regardless  of  geographic  location. 

e.  In  Table  4  and  Table  6,  Che  last  column  shows  Che  overall  results  of  combining  all 
initial  ceiling  values  (or  categories).  Note  Che  overall  static  persistence  scores.  For  ceiling 
va lues  Che  overall  score  is  717.,  and  for  ceiling  categories  it  is  85Z.  In  many  studies  these  are 
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Che  only  scores  used  for  evaluating  persistence  forecasts.  Note  Che  significant  decrease  in  scores 


for  ceilings  below  10,000  feet. 


2.  Visibility  Persistence  (Figure  2.  Table  5.  and  Table  7) 


a.  As  might  be  expected,  the  highest  static  persistence  of  visibility  va lues  occurs  for 


initial  visibilities  greater  than  10  miles.  With  Che  exception  of  Colorado  Springs  and  Duluth 


(where  the  least  static  persistence  occurs  between  5  and  6  miles),  the  lowest  static  persistence 


scores  occur  between  1/2  mile  and  7/8  mile.  In  nearly  all  cases,  static  persistence  of  visibility 


values  is  less  than  50%  for  all  initial  visibilities  less  than  seven  miles. 


b.  Both  the  one-hour  and  two-hour  trends  of  visibility  values  are  generally  greater  than 


static  persistence,  but  Che  two-hour  trend  is  not  significantly  higher  than  the  one-hour  trend. 


c.  Considering  visibility  categories,  there  are,  in  general,  small  differences  among 


static,  one-hour  trend,  and  two-hour  trend.  As  might  be  expected,  the  static  persistence  of  visi¬ 


bility  categori'>s  is  higher  Chan  Che  static  persistence  of  visibility  values,  but  the  difference  is 


not  so  striking  as  chat  between  celling  values  and  celling  categories. 


d.  From  lable  5  and  Table  7,  the  overall  static  persistence  is  74%  for  visibility  values 


and  86%  for  visibility  categories.  Note  the  significant  decrease  in  scores  for  visibilities  below 


10  miles. 


SECTION  V  -  SUMMARY  AND  CONCLUSIONS 


In  this  paper  an  attempt  has  been  made  to  describe  some  of  the  various  applications  of  persist¬ 


ence  by  different  meteorological  agencies,  to  identify  areas  of  confusion  and  clarify  che  definition 


of  the  general  term  "persistence,"  and  finally  to  present  a  statistical  evaluation  of  the  value  of 


persistence  in  one-hour  forecasting  based  upon  a  large  sample  of  data.  Over  a  million  hourly  obser¬ 


vations  from  seven  terminals  were  processed  through  computer  techniques  in  order  to  obtain  a  reli¬ 


able  evaluation  of  static  and  trend  persistence  for  a  wide  spectrum  of  initial  celling  and  Visibil¬ 


ity  conditions.  The  "esults  for  each  individual  station  were  practically  Identical,  therefore. 


the  results  portrayed  in  the  composite  graphs  and  tables  may  be  used  as  a  reliable  measure  of  the 


value  cf  persistence. 


Concerning  static  persistence  forecasts,  results  of  this  study  confirm  prior  conclusions  that 
the  overrll  percent  accuracy  is  rather  high  when  all  ceilings  and  all  visibilities  are  grouped 
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together.  However,  for  initial  ceilings  between  200-10000  feet  and  for  Initial  visibilities  between 
1/2-9  miles,  the  percent  accuracy  for  static  persistence  is  exceptional. 'y  low.  The  lovv/est  une-liour 
celling  persistence  probability  occurs  with  initial  ceilings  between  1000-2900  feet,  where  the  per¬ 
sistence  probability  is  approximately  30"/.  for  ceiling  values  and  about  507.  for  ceiling  categories. 
The  lowest  one-hour  visibility  persistence  probability  occurs  with  initial  visibilities  primarily 
between  1/2-7/8  mile,  and  secondarily  between  5-6  miles,  where  the  persistence  probability  is  again 
about  30%  for  values  and  near  40%  for  categories. 

The  inclusion  of  one-hour  past  trends  is  an  improvement  over  static  persistence  when  dealing 
with  ceiling  and  visibility  values  but  it  should  be  noted  that  the  inclusion  of  two-hour  trends  does 
not  offer  mush  additional  Improvement.  When  dealing  with  categories  instead  of  values,  the  inclu¬ 
sion  of  past  trends  offers  little  if  any  improvement  over  static  persistence.  It  is  interes''ing  to 
note  that  if  only  the  one-hour  ceiling  category  trend  is  considered,  the  verification  scores  are 
actually  worse  than  static  persistence. 

The  fact  that  previous  forecast  verification  studies  have  drawn  conclusions  chat  the  skill  of 
forecasters,  or  of  a  particular  method,  was  worse  than  persistence  may  he  explained  by  any  or  all 
of  the  following  reasons.  Some  investigators,  in  an  attempt  to  simplify  th''  number  of  statistical 
manipulations,  may  possibly  have  selected  ceiling  and  visibility  categories  which  were  too  broad, 
thereby  masking  out  the  fine  differences  between  certain  ranges  of  ceiling  and  visibility.  Tlie  use 
of  combined  celling  ano/or  visibility  categories  causes  a  further  increase  in  persistence  scores 
making  it  increasingly  difficult  to  surpass  persistence.  Some  investigators  may  have  compared  only 
the  general  overall  percent  accuracy  for  all  ceilings  and  all  visibilities  combined.  The  use  of 
such  general  verification  scores  will  seldom  show  any  significant  improvement  over  persistence 
because  of  the  majority  of  high  ceilings  and  visibilities  which  indeed  have  high  persistence  proo- 
abllltles. 

In  light  of  the  results  from  this  study,  it  is  difficult  to  accept  the  premise  that  persistence 
is  always  the  "best"  forecast  in  short  period  forecasting,  particularly  during  the  periods  of  highly 
variable  ceilings  and  visibilities  such  as  those  found  when  ceilings  are  below  3000  feet  or  visibil¬ 
ities  below  3  miles.  It  is  true  that  these  weather  conditions  occur  less  than  25%  of  the  time  (see 
Table  2  and  Table  3),  but  on  the  other  hand,  these  are  periods  of  greater  Importance  for  air  opera¬ 
tions,  and  are  periods  where  the  greatest  forecast  skill  is  needed.  The  results  from  this  study 
show  that  the  blind  use  of  persistence  (either  static  or  trend)  during  these  periods  will  yield 
exceptionally  poor  results  in  the  one-hour  prediction  of  celling  or  visibility. 
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Perhaps  sufficient  attention  has  not  been  directed  toward  the  use  of  other  forecast  tools  (e.g., 
local  analysis  and  met-watch  procedures)  or  toward  the  development  of  new  one-hour  prediction  methods 
because  of  mistaken  beliefs  on  the  value  of  persistence.  If  this  is  the  case,  it  is  hoped  that  this 


paper  will  help  restore  interest  in  other  existing  tools  and  create  an  incentive  to  searcii  for  new 
one-hour  prediction  teclmiques. 
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APPENDIX  A 


ANALYSIS  OF  STATIC  AND  TREND  PERSISTENCE 
FOR 

COLORADO  SPRINGS,  COLORADO 
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evaluation  of  static  and  trend  persistence  based  upon  the  period  of  record  at  seven 
terminals.  The  results  of  this  evaluation  provide  a  reliable  estimate  of  the  value 
of  static  and  trend  persistence  in  the  one-hour  prediction  of  ceiling  and  visibility 
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